Intensive care unit management of intra-abdominal infection
John C. Marshall, MD; Marilyn Innes, MD I ntra-abdominal infections are an important cause of intensive care unit (ICU) morbidity and mortality. Approximately 30% of patients admitted to an ICU with intra-abdominal infection succumb to their illness, and when peritonitis arises as a complication of a previous surgical procedure (1, 2) , or recurs during ICU admission (3), mortality rates exceed 50%. Moreover, their morbidity is substantial. Multiple organ dysfunction syndrome was originally described as a complication of intra-abdominal infection (4, 5) , and the association between occult intraperitoneal infection and organ dysfunction was deemed sufficiently strong to justify empiric laparotomy for the patient with worsening organ dysfunction but no defined focus of infection (6) . The management of the critically ill patient with intraabdominal infection can be alternatively gratifying and frustrating for the intensivist. We will review the biologic, clinical, diagnostic, and therapeutic features of this heterogeneous disorder.
Biologic Considerations
The abdominal cavity is lined by a mesothelial membrane, the peritoneum, which covers the abdominal viscera and creates a potential space-the peritoneal cavity. The area posterior to the peritoneal cavity is known as the retroperitoneum; its anatomic contents include the kidneys, pancreas, great vessels, and the posterior aspects of portions of the gastrointestinal tract, specifically the duodenum, ascending and descending colons, and rectum. In health, the peritoneal cavity contains Ͻ100 mL of peritoneal fluid containing scattered macrophages and lymphocytes (7) . This fluid circulates throughout the peritoneal cavity, drawn by the negative pressures generated by diaphragmatic contraction upward toward specialized fenestrae in the diaphragmatic peritoneum that, in turn, drain into the lymphatic system (8) .
Inflammatory stimuli within the peritoneal cavity evoke a vigorous inflammatory response, with increased vascular permeability, outpouring of protein-rich fluid containing cytokines and chemokines (9, 10) , and the influx of inflammatory cells, particularly monocytes and neutrophils (11, 12) . The activation of an inflammatory response induces tissue factor expression on peritoneal macrophages, activating the coagulation cascade and resulting in accelerated generation of fibrin that polymerizes to form adhesions and the capsule of an abscess (13, 14) . The peritoneum is richly endowed with somatic nerve fibers; thus, the onset of peritonitis invokes severe pain, localized to the anatomic site of maximal inflammation and aggravated by stimuli that result in movement of the peritoneum (the biologic basis for clinical tests to evoke rebound tenderness). The normal innate immune response of the peritoneal cavity is rapid and effective; however, there is evidence that the phagocytic capacity of the neutrophil is impaired in patients with complicated peritonitis (15) and that defense mechanisms such as fibrin deposition can impede microbial clearance (16) .
Infections within the peritoneal cavity most typically arise as a consequence of disruption of the adjacent gastrointestinal tract, with spillage of the indigenous flora into the peritoneal space. This flora is enormously complex and variable throughout the gastrointestinal tract. In health, the stomach and duodenum are sterile or only sparsely populated with Gram-positive organisms, lactobacilli, and, occasionally, Candida (17) . Both the variety and the density of this flora increase more distally. Gram-negative organisms are encountered in the proximal small bowel, and anaerobes are encountered in the distal small bowel and colon. In total, as many as 600 separate microbial species comprise the indigenous flora of the healthy adult, and bacteria are so numerous that they outnumber human cells of the body by a factor of 10:1 (18) . Despite the variety of organisms present within the lumen of the gastrointestinal tract, intraperitoneal infections arising as a result of a breach of gut integrity typically yield a mixed flora whose composition, though complex, is quite predictable (Table 1) . Animal models have shown that differing groups of organisms make differential contributions to the outcome of infection: Gram-negative aerobic organisms are associated with acute lethality, whereas anaerobic flora contributes to abscess formation (19) .
The anaerobic flora of the normal gut also plays an important role in the maintenance of stable patterns of intestinal microbial colonization, a phenomenon known as "colonization resistance" (20) . In experimental animals, ablation of the anaerobic flora of the cecum by oral antibiotics such as clindamycin or penicillin results in a 5-log increase in numbers of cecal Escherichia coli and translocation of E. coli to adjacent mesenteric lymph nodes in essentially all animals (21) . Studies in humans show that the use of antibiotics with anti-anaerobic activity can promote gut colonization with Candida (22, 23) and vancomycin-resistant Enterococci (24); these effects are particularly prominent when normal colonization resistance has been disrupted (23) . Such changes in the composition of the normal intraluminal flora can occur over time in the critically ill patient (25) and explain the typical flora seen in cases of recurrent or tertiary peritonitis discussed in greater detail below.
Although intra-abdominal infections are typically polymicrobial, the composition of the infecting flora is influenced by the clinical setting. Enterococci are isolated more frequently in patients with postoperative peritonitis than in patients with intra-abdominal abscesses developing outside the hospital (26) , and nasal colonization with methicillin-resistant Staphylococcus aureus is a risk factor for the acquisition of intra-abdominal methicillin-resistant S. aureus infection (27) .
An acute loss of the integrity of the gut wall-for example, after perforation of an ulcer or an uninflamed diverticulum, disruption of an anastomosis, or traumatic perforation of the intestineresults in spillage of intestinal contents into the peritoneal cavity and produces generalized peritonitis. More commonly, however, the leakage of gut contents is a slow process, accompanied by an inflammatory response in the surrounding tissues, as encountered, for example, in perforated appendicitis or a postoperative abscess arising from residual intraperitoneal bacteria or a small anastomotic leak. The result of this interaction between the infecting bacteria and the defenses of the peritoneal cavity is the formation of an abscess that walls off the infectious insult. The abscess lies adjacent to the site of contamination or in a dependent location such as the pelvis or subhepatic space.
Infection within the peritoneal cavity or retroperitoneum evokes a vigorous systemic response, reflected in elevated levels of circulating inflammatory mediators such as tumor necrosis factor and interleukin-6 (28, 29) and the clinical sequelae of acute organ system dysfunction (30, 31) .
Classification and Clinical Features
Peritonitis can be classified as primary, secondary, and tertiary. Primary peritonitis, also known as spontaneous bacterial peritonitis, is peritonitis arising in the absence of a breach of the peritoneal cavity or gastrointestinal tract. Primary peritonitis can arise in otherwise healthy young girls, in whom the Pneumococcus is the typical infecting bacterium. In the critically ill patient, it is most commonly seen in the decompensated cirrhotic patient, and it often presents with an acute deterioration in otherwise stable advanced liver disease (32, 33) . Infection is thought to reflect the translocation of enteric bacteria across an anatomically intact gut wall, promoted, perhaps, by abnormal overgrowth of organisms in the proximal small bowel (34, 35) . The infection is characteristically monomicrobial, with enteric Gramnegatives and enterococci being the most common isolates; Gram-positive cocci are particularly prevalent when the infection arises in an ICU patient (36) ( Table  1) . Methicillin-resistant S. aureus is a common isolate when primary peritonitis occurs as a nosocomial infection in a hospitalized cirrhotic patient (37) . Physical findings may be minimal; the diagnosis can be established by culture of an aspirate of the peritoneal fluid and is suggested by demonstration of Ͼ500 white cells/mm 3 of ascitic fluid, increased lactate, or a reduced glucose, and a decline in polymorphonuclear cell counts to Ͻ250 cells/mm 3 is associated with successful resolution (38) . Primary peritonitis is treated with systemic antibiotics appropriate for the infecting flora, although there is no convincing evidence for the superiority of one regimen over another nor even for the utility of systemic antibiotics at all (39) . Mortality is increased for patients admitted to an ICU (40) .
Secondary peritonitis is peritonitis occurring as a consequence of egress of gut organisms through a physical hole in the gastrointestinal tract or through a necrotic gut wall (41, 42) . Its flora is typically polymicrobial, including both aerobes and anaerobes when the distal gastrointestinal tract is the site of the (43) . In contrast, anaerobes are unusual isolates from perforations of the stomach or duodenum. It is important to keep in mind that secondary peritonitis can occur in the cirrhotic patient: a polymicrobial culture, or the presence of anaerobes in the aspirate, suggest the diagnosis of secondary peritonitis (44) . The typical clinical presentation is with abdominal pain and tenderness with signs of peritoneal irritation on physical examination. Diffuse pain suggests generalized peritonitis, whereas localized pain suggests a walled-off process arising from an organ in the immediate anatomic vicinity. In the young, otherwise healthy patient, diagnosis is generally straightforward. However, in the elderly or medically compromised patient, the clinical presentation may be quite subtle. Corticosteroids can blunt the inflammatory response of the peritoneum and so mask the clinical signs. In the patient with an altered level of consciousnessthe sedated patient receiving mechanical ventilation, for example-the only evidence of a treatable but life-threatening infection may be an unexplained septic response or an unanticipated deterioration of organ system function.
Tertiary peritonitis is peritonitis in the critically ill patient that persists or recurs at least 48 hrs after the apparently adequate management of primary or secondary peritonitis. Differentiation of this entity from secondary peritonitis underlines its strikingly different microbiologic features and its generally unsatisfying response to antibiotics and surgical source control measures (45, 46) . The microbial flora isolated in tertiary peritonitis is dominated by organisms such as coagulase-negative Staphylococci, Pseudomonas, Candida, and the enterococcus (3, 47) (Table 1) . These same species are the dominant floras of the upper gastrointestinal tract of the critically ill patient and common causes of nosocomial ICUacquired infection (25, 48) . Their preeminence in tertiary peritonitis suggests a role for bacterial translocation, aided by antibiotic pressures, in the pathogenesis of the disease. The mortality for patients with tertiary peritonitis is significant, typically in excess of 50%, and optimal therapeutic strategies are not well defined (49).
Diagnosis
Intra-abdominal infection can be particularly difficult to diagnose in the critically ill patient because an informative history is usually unobtainable, and findings on physical examination are masked by changes in level of consciousness. Thus, the diagnosis depends on consideration of the clinical setting, the development of otherwise unexplained signs of sepsis or organ dysfunction, and definitively on the results of radiographic examination (50) .
The common causes of secondary bacterial peritonitis of sufficient severity to necessitate ICU admission are relatively few ( Table 2) . Perforation of the upper gastrointestinal tract secondary to ulcer disease or of the lower gastrointestinal tract secondary to diverticular disease or cancer are among the most common causes of severe intra-abdominal infection. In the trauma patient, occult injury to the gut can result in delayed onset of peritonitis. Gut ischemia secondary to arterial intrinsic vascular disease, a lowflow state, or strangulation of obstructed bowel is a relatively common and potentially devastating cause of intra-abdominal infection (51, 52) . Mesenteric arterial embolism should be suspected in the patient with a potential source of embolifor example, the patient with atrial fibrillation, a recent myocardial infarct, or a recent invasive vascular imaging procedure. Mesenteric arterial thrombosis typically occurs in the patient with evidence of peripheral vascular disease at other sites, whereas a history of thrombotic disorders should suggest the diagnosis of mesenteric venous thrombosis. Leftcolon ischemia is a relatively common complication of emergency abdominal aortic aneurysm repair and occurs because the inferior mesenteric artery is ligated during repair of the aneurysm, rendering the left colon it supplies acutely ischemic. Previous abdominal surgery suggests the possibility of an anastomotic leak, an intra-abdominal abscess, or inadvertent and undetected injury to the bowel (e.g., caused during closure of the abdominal wall). Superinfection commonly complicates the course of severe necrotizing pancreatitis.
The clinical manifestations of intraabdominal infection include the otherwise unexplained development of organ system dysfunction. The differential diagnosis of unanticipated shortness of breath or new onset of a supraventricular dysrhythmia arising 3 or 4 days after an abdominal operation includes anastomotic leakage or other intra-abdominal infectious pathology, and the diagnosis should be excluded with the appropriate imaging procedures. New onset of renal dysfunction or elevation of the bilirubin and transaminase levels is also suggestive of occult intra-abdominal infection. Blood cultures are often negative; in fact, it has been suggested that the absence of bacteremia in a febrile surgical patient increases the likelihood of intra-abdominal infection (53) . However, polymicrobial bacteremia (54) or anaerobic bacteremia should also raise the possibility of intraperitoneal infection.
Radiographic imaging is the definitive diagnostic approach to patients with suspected intra-abdominal infection and can usually characterize the problem before planned intervention (55) . Plain films may reveal intraperitoneal free air, bowel obstruction, or subtle signs of intestinal ischemia. Contrast studies performed using water-soluble agents can disclose leaks; injection of contrast into drains, fistulas, or sinus tracts can aid in delineation of the anatomy of complex infections and help to monitor the adequacy of abscess drainage.
Ultrasonography performed in the ICU has the advantage of being portable, and it is an excellent technique for identifying intra-abdominal abscesses, detecting free fluid, and evaluating the biliary tree. However it is operator dependent and difficult to perform in patients who have abdominal dressings or paralytic ileus. Ultrasonography can also be used to aspirate or drain intra-abdominal fluid collections and to obtain fluid for culture and sensitivity. The standard technique for the evaluation of the abdomen in the critically ill patient is computerized tomography (CT) (56, 57) . With the combined use of intravenous and oral or rectal contrast, most causes of secondary peritonitis can be readily diagnosed. Abnormal collections in the peritoneal cavity or retroperitoneum are readily evident, and infection is suggested by demonstration of intracavitary air, inhomogeneity of contents, or the characteristic rim enhancement of an abscess capsule (Fig. 1, top) ; inflammation is further suggested by edema and stranding of the mesenteric fat. The CT scan may also show extraluminal passage of contrast medium, indicating a leak, or bowel distension and a point of narrowing, indicating an area of obstruction.
Ischemia is suggested by the presence of gas within the wall of the bowel (pneumatosis) or mesenteric vasculature (Fig.  1, bottom) or the absence of tissue perfusion; occasionally, an obstructing clot can be seen. The CT scan is an invaluable diagnostic tool, but it does necessitate transfer of a potentially unstable patient from the ICU. Moreover, radioiodinated contrast agents can aggravate renal dysfunction, although one report suggests that the severity of the injury can be attenuated by premedication with acetylcysteine (600 mg, twice daily) (58) . Renal dysfunction or paralytic ileus are relative contraindications to CT scanning; the risks must be weighed against the potential benefits.
Radionuclide scans have only a very limited role in the diagnosis of intraabdominal infection in the critically ill patient because they lack specificity and do not permit image-guided management of any collections that are found. The logistic challenges of transferring a critically ill patient to a magnetic resonance imaging facility render this test impractical in most circumstances.
Finally, intra-abdominal infection can often be demonstrated by more invasive interventions performed within the ICU. Judicious probing of surgical wounds with a sterile culture swab or a gloved finger can often identify collections of infected material immediately adjacent to the incision. Diagnostic peritoneal lavage performed in the ICU may reveal bacteria and white cells, bile, and intestinal contents (59); a bloody lavage return suggests the diagnosis of acute intestinal ischemia. Laparoscopic evaluation of the peritoneal cavity can be performed at the bedside in the ICU (40) and has been reported to reduce the need for unnecessary laparotomy (60) . However laparoscopy also requires an adequately equipped operating suite, and it usually necessitates transfer of the patient from the ICU. Moreover, adhesions from previous surgery or infection may make visualization more difficult, and the pneumoperitoneum necessary for proper visualization of the peritoneal cavity can compromise venous return. Experience with diagnostic laparoscopy in critically ill patients is largely anecdotal (61), and although successful laparoscopic management of intraabdominal abscesses has been reported (62), CT remains the most useful diagnostic and therapeutic modality in the contemporary ICU setting.
Management
The initial management of the patient with intra-abdominal infection is resuscitation and physiologic organ system support, combined with appropriate monitoring. Early fluid requirements may be substantial because of considerable thirdspace fluid loss into the peritoneal cavity, the retroperitoneum, and the lumen of the gastrointestinal tract. For patients with extensive intraperitoneal or retroperitoneal inflammation and significant early fluid requirements, monitoring of bladder pressures to detect an abdominal compartment syndrome should be performed (63) .
Systemic antibiotics are administered based on knowledge of the probable composition of the infecting flora (Table 1) . Coverage is directed against aerobic Gram-negative organisms and anaerobes when the source of contamination is unknown; however, if the infection is known to arise from the upper gastrointestinal tract (for example, as a result of a perforated ulcer), coverage directed against aerobes alone is adequate (64) .
The selection of an empiric broadspectrum antibiotic regimen is guided by considerations of patient-specific toxicity, cost, and local patterns of antimicrobial resistance; the many available regimens are of largely equivalent clinical efficacy (Table 3 ) (65) . The optimal duration of therapy is unknown. When source control has been effective (see below), the role of antibiotics is a purely adjuvant one (66) , and the course can be restricted to 5-7 days (67).
Although mortality rates are higher when the enterococcus is isolated from polymicrobial intra-abdominal infections (26) , there is no compelling evidence that providing specific anti-enterococcal therapy improves the clinical outcome (68, 69) . Similarly, although the isolation of Candida at the time of abdominal abscess drainage identifies a patient at increased risk of mortality (43, 70) , there is no convincing evidence that antifungal therapy alters this risk (71) .
For the patient with tertiary peritonitis, the role of systemic antimicrobial therapy is poorly defined. There is little evidence that antibiotics significantly alter the clinical course; moreover, the infecting organisms tend to be resistant to the commonly used empiric regimens (3, 47, 72) . We favor the use of narrowspectrum agents, selecting on the basis of the results of culture and sensitivity and avoiding antibiotics with anti-anaerobic activity.
The definitive management of intraabdominal infection must include source control-those physical measures that are undertaken to eradicate a focus of infection, to prevent ongoing contamination, and ultimately to restore optimal anatomy and function (73) (74) (75) . Source control measures are based on three principles-drainage, debridement, and definitive management. Because successful management of even the most complicated intra-abdominal infection depends on the optimal application of these principles, it is instructive to review them in greater detail (Table 4) .
Drainage. The inflammatory response evoked by intra-abdominal infection (see above) results in the local activation of coagulation, with the deposition of fibrin and the formation of an abscess-a collection of tissue debris, bacteria, neutrophils and macrophages, and protein-rich exudative fluid enclosed within a fibrous capsule (Fig. 2) . Formation of an abscess serves to isolate the infection from the surrounding sterile tissues but also prevents the influx of further host immune cells or antibiotics: the result is a biologic standoff. Drainage converts an abscess to a controlled sinus (an abnormal communication between a deep space and an epithelial surface) or fistula (an abnormal communication between two epithelially lined surfaces) and, in essence, externalizes the infectious process. Drainage can be accomplished by several different strategies. Open surgical drainage has been the classical treatment strategy, and it permits definition of the extent of the collection and immediate evacuation of its contents. Ideally, drainage is accomplished by the most direct route, minimizing contamination of the peritoneal cavity (76) , although with the use of adjuvant antibiotics, the benefits of extraserous drainage are minimal and often offset by the advantage that wider exposure gives for full exploration and management of the inciting cause of the infection.
More recently, however, with the recognition that the biologic objectives of drainage can be accomplished without the need for operative intervention, percutaneous drainage guided by ultrasound or CT has become the initial intervention of choice in the management of a localized, radiologically defined infectious focus (77) . Initial reports of the efficacy of percutaneous drainage for well-demarcated, unilocular collections (78) led to an expansion of its indications to include multiple collections, those in relatively inaccessible anatomic locations, and collections containing solid debris or communicating with the gastrointestinal tract (79) . Moreover, percutaneous drainage can serve as a temporizing measure useful, for example, in decompressing infected retroperitoneal collections in the patient with necrotizing pancreatitis so that operative intervention can be deferred until it is safer (Fig. 3) .
The relative merits of operative and percutaneous drainage have never been compared in a formal randomized trial, although case series with historical controls (80 -82) and an expanding clinical experience point to the utility of an initial attempt at percutaneous drainage for most patients with intra-abdominal abscesses. Surgical drainage is indicated for failures of percutaneous drainage, for collections with a significant solid tissue component requiring debridement, for simultaneous management of a source of ongoing contamination, and when local peritoneal defenses have not contained the infectious focus, leading to generalized peritonitis (Fig. 4) .
Debridement. In contrast to drainage, which eliminates the liquid component of an infection, debridement is the physical removal of infected or necrotic solid tissue. The term encompasses, for example, the excision of necrotic infected peripancreatic fat in patients with infected pancreatic necrosis, the removal of feces and intestinal contents from the peritoneal cavity of the patient with a perforation of the gastrointestinal tract, the excision of necrotic intestine in the patient with acute intestinal ischemia, or the excision of abdominal wall muscle in the patient with a secondary necrotizing soft-tissue infection. It also includes the removal of foreign bodies and such adjuvants for bacterial growth as blood clot and devitalized tissue.
The need for debridement is encountered less frequently in patients with intra-abdominal infection, exceptions including the patient with intestinal infarction or infected peripancreatic necrosis. Intestinal infarction is a catastrophic complication, having a prohibitively high mortality rate unless the necrotic bowel is rapidly excised (83) . In contrast, although infected peripancreatic necrosis is associated with a significant rate of mortality and major morbidity, prognosis is improved if operative intervention is delayed (84) . The reason for this discrepancy underlines a fundamental principle in the source control management of intra-abdominal infection-that the benefits of intervention must be balanced against the risks associated with intervention. In the case of intestinal ischemia, leakage of bacteria through the necrotic bowel wall is considerable, whereas surgical intervention to excise the necrotic bowel is a relatively straightforward undertaking. The bacterial burden in infected retroperitoneal necrosis, on the other hand, is lower, and organisms sequestered in the necrotic tissue are less able to gain access to the circulation. At the same time, early surgical exploration of the retroperitoneum is fraught with hazard because the demarcation between viable and nonviable tissue is poor, leading to a significant risk of major hemorrhage, and operative exposure of this area is difficult (85) . Thus, evolving approaches to the management of infected pancreatic necrosis emphasize the importance of delayed, rather than immediate, intervention (86, 87) .
Irrigation of the peritoneal cavity to remove bacteria, devitalized tissue, and fibrin can also be considered a form of debridement. Although the practice is popular with many surgeons, there is no convincing evidence of its utility (88) . Similarly, a randomized trial of peritoneal debridement to remove fibrin attached to loops of bowel also failed to show any evidence of benefit (89) .
Definitive Measures. The definitive management of intra-abdominal infection includes measures to remove foci of ongoing contamination and to restore, as much as possible, normal structure and function. Such measures include, for example, the excision of an area of diverticular disease containing a perforation in the patient with diverticulitis and restoring function either by the creation of an end colostomy of the descending colon (when the distal rectal stump is closed and left in the abdomen, this is known as a Hartmann procedure) or by creating an anastomosis between the two ends of the remaining colon (primary anastomosis). Pooled data from case series indicate that in patients with perforated diverticulitis, outcomes are improved by excising the involved colon (73) and perhaps even by undertaking a primary anastomosis (90 -93) . The benefits of more extensive intervention must be weighed against the risks of that intervention. For the patient with a contained diverticular abscess, it may well be preferable to drain the abscess percutaneously and to plan an elective sigmoid resection with primary anastomosis at a later date. For the critically ill patient with cholecystitis or even an empyema of the gall bladder, percutaneous cholecystostomy may be the safer option to surgical cholecystectomy (94 -97) .
It is important to consider the options for future reconstructive procedures at the time of the initial source control intervention (98) . Incisions should be chosen to permit maximal flexibility at the time of re-operation: a midline abdominal incision probably represents the most versatile approach. Stomas should be planned and sited to accommodate the demands of the management of an open wound and to minimize the magnitude of surgery required for their subsequent closure. Rather than creating multiple stomas, for example, it is generally preferable to reconstruct the distal gastrointestinal tract but to protect potentially tenuous anastomoses with a proximal loop enterostomy: subsequent reconstruction will simply require local closure of the loop enterostomy.
Occasionally, circumstances are such that even the most basic of definitive procedures-abdominal wall closure, for example-are hazardous. In the patient with loss of the abdominal wall from associated soft-tissue infection or extensive edema of the viscera and abdominal wall, closure will result in increased intraabdominal pressure, resulting in abdominal compartment syndrome. Open management of the abdomen is advisable, using absorbable mesh or a nonadhering prosthesis to prevent evisceration of the intestinal contents. Beyond circumstances of necessity, however, there is little evidence that approaches such as scheduled re-laparotomy or an openabdomen approach improve patient outcome (99 -102) . Rather, these are associated with worsening of organ dysfunction, amplification and persistence of inflammation, and greater use of blood component therapy (103, 104) .
Successful source control and antibiotic management of intra-abdominal infection is associated with resolution of systemic signs and symptoms of acute inflammation (105) and reversal of organ dysfunction. Conversely, progression or failure of resolution of organ dysfunction suggests persistence of the disease and the need for further intervention (106) .
Although the management of the critically ill patient with peritonitis is commonly challenging, often frustrating, and invariably costly, long-term quality of life in survivors is very good (107, 108) , and cost-utility ratios are favorable, with a cost per quality-adjusted life years of less than $3000 (109), thus, fully justifying the efforts expended in this complex patient population.
Approach to the Patient with Suspected Intra-abdominal Infection
The antecedents of intra-abdominal infection in the critically ill patient are many, the clinical presentations highly varied, and the associated factors that complicate one approach or another in the individual patient are numerous. It is, therefore, neither possible nor advisable to present a simple management algorithm that is likely to define the best specific option in a particular patient. Rather, the decision of how to manage a problem must be individualized and based on the principles articulated above and on the unique features of the particular patient. Nonetheless, it is entirely possible to outline the elements of the decision-making process without anticipating the final decision, and Figure 5 provides an algorithm for an approach to the management of suspected intraabdominal infection in the critically ill patient.
The suspicion that something is amiss within the peritoneal cavity arises because of characteristic signs and symptoms that, however, are often difficult to interpret in the ICU setting. The development of new organ dysfunction, particularly that involving the gastrointestinal system, liver, or hematologic system, raises the possibility of intra-abdominal infection, as does the development of unexplained metabolic acidosis. However, the paramount consideration is the clinical setting. Is the patient at risk for infection because of recent abdominal surgery? Is there a source of arterial emboli, evidence of peripheral vascular disease, a thrombotic disorder, a history of recent arteriography, or a history of reduced splanchnic flow as a result of the use of vasopressors or prolonged shock? The absence of such risk factors makes the abdomen much less likely to be the source of an explanation for unexplained clinical deterioration.
If a source is readily apparent, for example, pus or gastrointestinal content is leaking from an abdominal wound, or intraperitoneal free air is demonstrated on a chest radiograph, then intervention should be undertaken without delay. Typically, this will entail operation rather than image-guided therapy. If no source is seen, then CT with oral, rectal, and intravenous contrast enhancement should be performed. The accuracy of the CT scan is such that further decisions are made on the basis of its findings. A focal or contained collection can be drained percutaneously, with a follow-up CT scan or sinogram, injecting water-soluble contrast medium into the drain, to confirm resolution. If there is evidence of a diffuse and nonlocalized process, then operative intervention is indicated. Similarly, if there is evidence of ischemia or infarction, then operation should be undertaken, unless there are compelling grounds for an alternative approach. The indication for surgery in the patient with gut ischemia is to restore flow or to resect dead bowel; for the patient with ischemia as a result of venous thrombosis or a low-flow state, neither of these options may be possible, and it may be preferable to observe the patient while maximizing splanchnic flow with anti-coagulants and hemodynamic support.
A negative abdominal CT scan generally indicates a very low probability of a process that can be reversed through surgical intervention, and if no treatable pathologic process is seen, then continued observation is appropriate. With advances in imaging technology, the era of blind surgical exploration to diagnose occult infection has almost ended (110) .
Conclusions
Intra-abdominal infection is a common indication for ICU admission and an important cause of preventable morbidity and mortality after ICU admission. The disorders responsible for these infections are numerous, and their clinical presentation and optimal management are highly variable. The approach to the patient with suspected intra-abdominal infection must be based on a combination of evidence from the literature and inference from basic biologic principles, interpreted through a combination of experience and the ability to adapt one's approach to a changing situation. Even with optimal management, the shortand long-term morbidity can be substantial: close collaboration between surgeon, radiologist, and intensivist holds the key to minimizing these. 
